Introduction
============

Osteoporosis is defined as a skeletal disorder characterized by compromised bone strength predisposing a person to an increased risk of fracture such as spinal, hip and wrist fractures.[@b1-jcm-2-2011-009] Of these, spinal compression fracture affects the largest number of subjects.[@b2-jcm-2-2011-009] Although spinal fracture has not received much attention previously, studies have clarified that it is a fracture of great clinical importance associated with increased mortality, co-morbidity, and compromised ADL (activity of daily living).[@b3-jcm-2-2011-009]--[@b5-jcm-2-2011-009] Of the various subjective symptoms related to spinal fracture, lumbago is by far the most important one.[@b6-jcm-2-2011-009]

Lumbago is a symptom which is completely subjective in nature. Thus lumbago can be evaluated only by subjective measures. Of the various measurement scales clinically available, QOL (quality of life) is the only clinical outcome representing the patients' subjective perception of health.[@b7-jcm-2-2011-009]

Recently, many questionnaires for QOL evaluation have become available. They are classified into two major categories; generic and disease-targeted.[@b7-jcm-2-2011-009] Generic ones, by their definition, only consists of questions related to the subjects' general status, and do not include the questions related to the features which are specific to a certain disease. Therefore, they are applicable to such studies as comparing the impact of various diseases on QOL, or even to the evaluation of healthy subjects. In contrast, disease-targeted ones include items specific to a certain disease. They can be more sensitive than the generic ones in detecting the QOL impairment closely related to a certain disease state, but are not applicable to the evaluation of patients with other diseases. The most widely used generic QOL questionnaire would be SF-36 and its shortened form; SF-8.[@b8-jcm-2-2011-009],[@b9-jcm-2-2011-009]

Roland-Morris Disability Questionnaire (RDQ) is rather different from the above-mentioned questionnaires, and unique in that it is specific to a specific symptom; lumbago.[@b10-jcm-2-2011-009] It is composed of 24 questions, all of which are related to lumbago ([Table 1](#t1-jcm-2-2011-009){ref-type="table"}). The subjects are asked to give "yes" or "no" to each question. Total number of questions given "yes" is calculated. Thus higher number is associated with more severe lumbago. Looking at the 24 items in [Table 1](#t1-jcm-2-2011-009){ref-type="table"}, we have noticed that what these items represent is heterogenous. Some of them seem to be related to the physical aspects of QOL, while others are likely to represent other aspects of QOL. Then we have hypothesized that RDQ could be utilized in ways other than obtaining the total count only, and studied the component structure of RDQ by simultaneously employing SF-8 and analyzing the data with multivariate analyses.

Subjects and Methods
====================

Subjects
--------

The study subjects were 44 women aged 75.8 ± 7.3 years with osteoporosis visiting the Outpatient Clinic, Orthopedic Department Hyogo college of Medicine. The diagnosis of osteoporosis was made based on the Diagnostic Criteria for Primary Osteoporosis in Japan.[@b11-jcm-2-2011-009] Based on the X-ray film, the presence or absence of vertebral fracture was determined by one of the authors (Yoh K) before performing the QOL measurement. Vertebral fracture was present and absent in 18 (40.9%), and 26 (59.1%) patients, respectively.

QOL evaluation
--------------

QOL was assessed using two questionnaires on the same day between September and December 2008. One is SF-8, which is one of the most commonly used questionnaires worldwide. According to the authorized instruction, the data were transformed to the deviation value adjusted by the Japanese national norms.[@b9-jcm-2-2011-009] Eight subscales were obtained; PF (physical function), RP (role physical), BP (bodily pain), GH (general health), VT (vitality), SF (social function), RE (role emotional), and MH (mental health). These scores are further summarized into two summary scores; PCS (physical component summary) and MCS (mental component summary). These subscales and summary scores are interpreted as follows; 50 corresponding to the national norms, and 40 indicating one standard deviation lower than the norm.

With regard to RDQ, total scores were counted.[@b12-jcm-2-2011-009] Additionally, data were also analyzed using multivariate analyses, the details of which would be given below.

Data analyses
-------------

Data were analyzed using SPSS 17.0J (SPSS Japan, Tokyo). Data in the two independent groups were analyzed with t-test. Data from SF-8 were analyzed with t-test for one sample for comparison with the national norms. The correlation of two independent groups was evaluated with Pearson's correlation. Multiple regression analyses, with stepwise methods, were employed to study the relative contribution of various factors. Principal component analyses were performed to summarize the 24 items of RDQ into the small numbers of components (summary scores).

Results
=======

QOL Data: In [Table 2](#t2-jcm-2-2011-009){ref-type="table"} is shown the eight subscales and two summary scores of SF-8, and total scores of RDQ. SF-8 data were compared to the national norms. All eight subscales and PCS were significantly lower than the national norms.

Effects of vertebral fracture on QOL scores: When these data were compared between subjects with vertebral fracture and those without it, RP and PCS were significantly lower, and total score of RDQ was significantly higher; ie, worse in those with fracture ([Table 3](#t3-jcm-2-2011-009){ref-type="table"}).

Correlation of total score of RDQ and subsclaes and summary scores of SF-8: Next, the correlation between the total scores of RDQ, and eight subscales and summary scores of SF-8 were studied. As shown in [Table 4](#t4-jcm-2-2011-009){ref-type="table"}, the total score of RDQ were significantly correlated with all these scores.

Multiple regression analysis for RDQ: In order to elucidate the relative contribution of eight subscales to the total score of RDQ, multiple regression analysis was done ([Table 5A](#t5-jcm-2-2011-009){ref-type="table"}). Although it is natural that BP is a significant contributor to the RDQ score, MH was also a significant determinant. As shown in [Table 5B](#t5-jcm-2-2011-009){ref-type="table"}, PCS and MCS both contributed to the total scores of RDQ.

Principal Component Analysis (PCA) for RDQ: The above data that the total scores of RDQ were contributed by MH and MCS strongly suggest that RDQ represents something different from BP in SF-8, or in other words, is heterogenous in its structure. Thus, we have performed principal component analysis (PCA) to study its component structure in more detail. According to the Scree Plot, two components were obtained ([Fig. 1](#f1-jcm-2-2011-009){ref-type="fig"}). The factor loading by each item to these two components is shown in [Table 6](#t6-jcm-2-2011-009){ref-type="table"}. Strong association of component 2 with such items as 18 and 22, suggest that component 2 represents the mental and social aspects of lumbago. In contrast, component 1 was associated with wide range of items, thus considered to represent lumbago in general, probably emphasizing its physical aspects.

Multiple regression analysis for two components of RDQ: Finally, multiple regression analyses were done for the above-mentioned two components ([Table 7](#t7-jcm-2-2011-009){ref-type="table"}). Component 1 was significantly contributed by BP and VT, whereas component 2 was significantly determined by SF, which suggests the validity of the above interpretation.

Discussion
==========

In this paper, we have shown that RDQ can be summarized into two components; each representing the general aspects, and mental and social aspects of lumbago. Since its first publication,[@b10-jcm-2-2011-009] RDQ has acquired world-wide reputation, and editions under the various languages are currently available.[@b12-jcm-2-2011-009] Papers on the basic consideration have also been published. For example, papers are available on the least meaningful score changes in the longitudinal studies.[@b13-jcm-2-2011-009],[@b14-jcm-2-2011-009] As far as we know, however, RDQ data have not been analyzed in ways other than calculating the total scores.

Since national norms are available for SF-8, data were compared with them. Practically all of them were significantly lower than the Japanese norms. These scores, as well as the RDQ scores, were worse in fractured subjects. Multiple regression analyses have shown that the total RDQ scores are affected by subscales other than BP or MCS.

PCA is one of the statistical procedures belonging to the multivariate analyses.[@b15-jcm-2-2011-009] It is used to summarize the diversity of data into the summary scores. From the raw data, first component is extracted with the highest level of information (eigenvalue), and the second one is extracted from the remaining information. Thus, each component thus obtained is independent of each other. Apparently, the second component thus obtained was associated with the mental or social aspects of lumbago, but not with its physical aspects. Thus, it is quite likely that RDQ could be analyzed as a questionnaire composed of multiple factors or subscales.

We believe that our study yield new insights in the interpretation of RDQ. Calculating only the total score could extract only too small fraction of information from data obtained from questions as much as 24 items. Defining the component structure and determining the procedure to obtain the subscales would make the most use of RDQ, and contribute to the better evaluation of patients with lumbago.
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###### 

Twenty-four questions in Roland Morris Disability Questionnaire (RDQ).

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  I stay at home most of the time because of my back.I change position frequently to try and get my back comfortable.I walk more slowly than usual because of my back.Because of my back, I am not doing any of the jobs that I usually do around the house.Because of my back, I use a handrail to get upstairs.Because of my back, I lie down to rest more often.Because of my back, I have to hold on to something to get out of an easy chair.Because of my back, I try to get other people to do things for me.I get dressed more slowly then usual because of my back.I only stand for short periods of time because of my back.Because of my back, I try not to bend or kneel down.I find it difficult to get out of a chair because of my back.My back is painful almost all the time.I find it difficult to turn over in bed because of my back.My appetite is not very good because of my back pain.I have trouble putting on my socks (or stockings) because of the pain in my back.I only walk short distances because of my back.I sleep less well because of my back.Because of my back pain, I get dressed with help from someone else.I sit down for most of the day because of my back.I avoid heavy jobs around the house because of my back.Because of my back pain, I am more irritable and bad tempered with people than usual.Because of my back, I go upstairs more slowly than usual.I stay in bed most of the time because of my back.
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:** Subjects are asked to give "yes" or "no" to each question. Number of items given "yes" is counted.[@b10-jcm-2-2011-009]

###### 

Baseline characteristics and QOL data.

                **(n = 44)**
  ------------- ----------------------------------------------------------------
  Age (y)       75.8 ± 7.3
  Height (cm)   147.7 ± 7.9
  Weight (kg)   51.2 ± 7.2
  SF-8          
  PF            39.6 ± 8.7[^\*\*^](#tfn4-jcm-2-2011-009){ref-type="table-fn"}
  RP            39.5 ± 10.2[^\*\*^](#tfn4-jcm-2-2011-009){ref-type="table-fn"}
  BP            39.8 ± 8.1[^\*\*^](#tfn4-jcm-2-2011-009){ref-type="table-fn"}
  GH            43.5 ± 8.1[^\*\*^](#tfn4-jcm-2-2011-009){ref-type="table-fn"}
  VT            45.4 ± −7.9[^\*\*^](#tfn4-jcm-2-2011-009){ref-type="table-fn"}
  SF            44.0 ± 11.0[^\*\*^](#tfn4-jcm-2-2011-009){ref-type="table-fn"}
  RE            41.5 ± 13.3[^\*\*^](#tfn4-jcm-2-2011-009){ref-type="table-fn"}
  MH            46.6 ± 9.4[^\*^](#tfn3-jcm-2-2011-009){ref-type="table-fn"}
  PCS           37.7 ± 8.3[^\*\*^](#tfn4-jcm-2-2011-009){ref-type="table-fn"}
  MCS           46.9 ± 11.3
  RDQ           11.7 ± 6.1

**Notes:** Data are expressed as mean ± SD. Data from 8 subsclaes and 2 summary scores are expressed as the deviation value, and compared to Japanese national norm. The asterisks show the statistical significance by one-sample t-test

*P* \< 0.05,

*P* \< 0.01.

RDQ scores were not statistically analyzed because of the lack of national norm.

###### 

Comparison of SF-8 and RDQ scores in subjects with fracture and those without it.

        **Without fracture (n = 18)**   **With fracture (n = 26)**   ***P* value**
  ----- ------------------------------- ---------------------------- ---------------
  PF    42.2 ± 5.7                      36.9 ± 7.8                   NS
  RP    43.6 ± 7.2                      36.0 ± 7.8                   \<0.05
  BP    42.0 ± 9.5                      35.7 ± 6.0                   NS
  GH    48.3 ± 8.0                      41.6 ± 8.2                   NS
  VT    49.2 ± 6.6                      43.6 ± 7.9                   NS
  SF    47.0 ± 8.8                      43.1 ± 11.6                  NS
  RE    42.0 ± 13.5                     39.3 ± 13.1                  NS
  MH    47.3 ± 7.7                      43.4 ± 10.8                  NS
  PCS   42.1 ± 7.6                      34.2 ± 6.5                   \<0.05
  MCS   47.3 ± 9.9                      45.2 ± 13.0                  NS
  RDQ   9.2 ± 3.9                       14.8 ± 5.6                   \<0.05

**Notes:** Data are expressed as mean ± SD. Comparison was made with t-test.

###### 

Pearson's correlation between total RDQ score and the subscales and summary scores of SF-8.

        **r**
  ----- -----------------------------------------------------------
  PF    −0.589[^\*\*^](#tfn8-jcm-2-2011-009){ref-type="table-fn"}
  RP    −0.571[^\*\*^](#tfn8-jcm-2-2011-009){ref-type="table-fn"}
  BP    −0.697[^\*\*^](#tfn8-jcm-2-2011-009){ref-type="table-fn"}
  GH    −0.500[^\*\*^](#tfn8-jcm-2-2011-009){ref-type="table-fn"}
  VT    −0.692[^\*\*^](#tfn8-jcm-2-2011-009){ref-type="table-fn"}
  SF    −0.555[^\*\*^](#tfn8-jcm-2-2011-009){ref-type="table-fn"}
  RE    −0.593[^\*\*^](#tfn8-jcm-2-2011-009){ref-type="table-fn"}
  MH    −0.672[^\*\*^](#tfn8-jcm-2-2011-009){ref-type="table-fn"}
  PCS   −0.527[^\*\*^](#tfn8-jcm-2-2011-009){ref-type="table-fn"}
  MCS   −0.611[^\*\*^](#tfn8-jcm-2-2011-009){ref-type="table-fn"}

**Note:** The above data show the Pearson's correlation coefficient (

*P* \< 0.01).

###### 

Multiple regression analyses for the determination of independent factor for the total score of RDQ.

  **Variable**                     **β coefficient**   ***P* value**
  -------------------------------- ------------------- -----------------------
  **(A) Subscales of SF-8**                            
  PF                               −0.101              NS
  RP                               0.146               NS
  BP                               −0.391              0.007
  GH                               −0.120              NS
  VT                               −0.286              NS
  SF                               −0.091              NS
  RE                               0.279               NS
  MH                               −0.452              0.010 (R^2^ = 0.70)
  **(B) Summary scores of SF-8**                       
  PCS                              −0.438              \<0.001
  MCS                              −0.539              \<0.001 (R^2^ = 0.56)

**Notes:** Independent predictor for the total score of RDQ was analyzed by multivariate analysis with stepwise regression. Subscales of SF-8 or summary scores of SF-8 were included in analyses.

###### 

Factor loading in Principal component analysis for RDQ.

        **Component 1**   **Component 2**
  ----- ----------------- -----------------
  Q1    **0.712**         0.133
  Q2    **0.656**         −0.301
  Q3    **0.548**         −0.276
  Q4    **0.661**         −0.115
  Q5    **0.594**         −0.007
  Q6    **0.680**         −0.044
  Q7    **0.749**         −0.155
  Q8    **0.650**         0.185
  Q9    **0.689**         0.036
  Q10   **0.514**         −0.301
  Q11   **0.676**         −0.056
  Q12   **0.689**         0.093
  Q13   **0.528**         −0.133
  Q14   **0.576**         −0.092
  Q15   **0.383**         **0.530**
  Q16   **0.516**         0.086
  Q17   **0.748**         −0.218
  Q18   0.210             **0.774**
  Q19   **0.466**         **0.593**
  Q20   **0.438**         0.061
  Q21   **0.601**         −0.251
  Q22   **0.361**         **0.719**
  Q23   **0.630**         −0.283
  Q24   **0.525**         0.205

**Notes:** Factor loadings to four components after varimax rotation are shown. Loadings greater than 0.35 are shown in bold.

###### 

Multiple regression analyses for two components of RDQ.

                **R^2^**   ***P* value**   **Variable**   **β coefficient**   ***P* value**
  ------------- ---------- --------------- -------------- ------------------- ---------------
  Component 1   0.449      \<0.001         BP             −0.405              0.009
                                           VT             −0.380              0.014
  Component 2   0.378      \<0.001         SF             −0.629              \<0.001

**Notes:** Independent predictor for component 1 or 2 of RDQ was analyzed by multivariate analysis with stepwise regression. Eight subscales of SF-8 were included in all analyses.
